We predict the values for baryon forward spin polarizabilities in fully covariant ChPT and including the virtual contributions of the spin-3/2 states. As the nucleon results are in good agreement with the experimental data and they do not depend on renormalization schemes, we extend the calculations to the hyperon sector.
I. Introduction
The forward spin polarizability γ 0 represents the deformation of a non-elementary particle relatively to its spin axis when submitted to Compton scattering of photons in the extreme forward direction. Once the scattering cross sections are experimentally obtained, it is connected to them via the sum rule [1, 2] 
where ω is the photon energy and σ 3/2 and σ 1/2 the photo-absorption cross sections of parallel and antiparallel target and photon helicities, respectively. Experimental values for the nucleons' γ 0 have been extracted in [3] [4] [5] , while theoretically it is determined from the spin-dependent piece of the Compton-scattering amplitude via [2, 6] 
The photon energies considered here probe the non-perturbative regime of QCD. Therefore it is reasonable to extract the amplitudes with the help of chiral perturbation theory (ChPT). The leading-order contributions to γ 0 appear at chiral order p 3 , where the result depends only on well-known low-energy constants. Furthermore, the relevant pieces of the Compton-scattering amplitude for γ 0 show no divergences or power-counting breaking terms. Therefore, the results obtained are pure predictions.
The nucleons' γ 0 has been thoroughly studied in [7] [8] [9] [10] . It was shown in [11] [12] [13] that the inclusion of the ∆(1232) resonance is important to better reproduce the experimental results. We extend these studies to the SU(3) sector, as has been done in the heavy-baryon formulation in [14] , later improved in [15] . A study comparing different field-theoretical models is performed in [16] .
The SU(3) flavour version allows the inclusion of additional virtual-state contributions to the nucleon polarizability by extending the isospin-1 triplet of pions to the meson octet. Furthermore, it enables the prediction of the hyperon polarizabilities, the baryons of the isospin-1/2 octet with non-vanishing strangeness. Our calculations were performed in the frame of fully covariant ChPT, where we extended the model such as to include the isospin-3/2 decuplet of spin-3/2 resonances like the ∆(1232) [17] .
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II. Treatment of Compton scattering in ChPT
The relevant pieces of the SU(3) Lagrangian involving mesons, photons and baryons -both of spin 1/2 and 3/2 -needed for the calculations in this work are the following:
where the definitions of the constants and the different components are given in [18] [19] [20] [21] [22] . We added the missing couplings by extending the SU(2) Lagrangian from [23] [24] [25] to SU(3). We estimate the value for g M in an analogous way to the one described in [12] : We calculate the width of the electromagnetic decay of the ∆(1232),
where Σ EM ∆ is the electromagnetic ∆(1232) self-energy amplitude. The data on the hyperon electromagnetic decays is sparse, for which reason we opt not to do this calculation in SU (3) . We obtain the value g M = 3.16 ± 0.16, which leads to an important uncertainty in the results.
We follow the chiral counting scheme in [26] , the so-called δ counting, where the small quantity δ = M ∆ − m N is treated as being of O(p 1/2 ), and we introduce the couplings in a consistent dynamic, like in [27] [28] [29] . The counting is a reasonable approximation when treating energies sufficiently far from the ∆(1232) mass, leading to the nominal order of a diagram being given by
In this case, the tree-level diagram with a virtual decuplet intermediate state is of O(p 7/2 ). It is expected to give a dominant contribution. It is also exactly the diagram that is proportional to g 2 M , which makes our results very sensitive to this constant. Exception are the hyperons Σ − and Ξ − , whose photon transition to members of the decuplet is forbidden. Therefore their results are mainly described by octet intermediate states, including only small corrections coming from the spin-3/2 states.
The Gauge is an issue which should be addressed at this point. The minimal coupling of the photon to the decuplet includes higher-order terms if one wants to use the fully covariant derivative D µ ∆ ν . If one opts to have consistent power counting these higher-order terms should be neglected, but then gauge invariance is broken. Therefore special care has to be taken here. The solution we follow is analogous to the one proposed in [8] for the proton, and we extend it to the hyperon sector. In fact, this difficulty appears only for the charged octet-baryon members. The approach is to calculate two sets of diagrams separately: the one-particle reducible and the one-particle irreducible diagrams. The latter can be calculated in the usual way, summing over all possible isospin channels. As for the one-particle reducible diagrams, they are at first only computed for the charged meson channels. The reason for this is that in a world with only charged mesons, gauge invariance would be restored. The other channels' isospin factors are then chosen such that the ratio between the isospins of the two sets of diagrams is the same as in the case of charged mesons only. With this method, the gauge invariance is automatically obtained and the corrections that would come from taking the original isospin factors is of higher order.
III. Results and discussion
In Figs. 1 and 2 we show all the relevant Compton-scattering diagrams for the extraction of γ 0 up to order p 7/2 . The extracted numerical results are shown in Table I . First, we show the results in a heavy-baryon ChPT model, as already calculated in [14] . This table shows slightly different values, as they were corrected in our work [15] . We then show the same calculations done in the fully covariant model. One can immediately see that the values are shifted towards the experimental expectation of (−1.01 ± 0.08(stat) ± 0.10(syst)) · 10 −4 fm 4 presented in [4] . But the latter value and also the dispersion relation studies in [3] , where γ -and their size closer to experiment, especially when taking into account the error arising from the uncertainty of the constant g M . Only for Σ − and Ξ − the uncertainty coming from taking into account the decuplet intermediate states is not significant. The reason for this is that the electromagnetic coupling of these octet baryons to the decuplet is forbidden. Therefore the tree diagrams proportional to g 2 M do not contribute to these two particular states and the decuplet appears only in the form of small contributions from loop diagrams. We conclude by stating that the inclusion of the decuplet as an additional degree of freedom to the calculation of baryon polarizabilities is crucial to be able to explain the empirical results. Furthermore, it would be very interesting to study more deeply the γ 0 values for the hyperons Ξ − and Σ − , e.g. in lattice QCD, as their values are mostly described with spin-1/2 intermediate states, therefore not bringing in the uncertainties of the spin-3/2 sector and serving as a valuable test for the quality of using ChPT methods to describe this quantity.
